ABSTRACT. Overnight growth hormone (GH) concentrations obtained by frequent venous sampling of 20 healthy, short prepubertal boys were evaluated using the objective pulse detection algorithm, CLUSTER. The resulting pulsatile characteristics were compared with those of I l healthy prepubertal bop of normal stature and with those of nine prepubertal children with documented GH deficiency. Although no significant differences of pulsatile GH release were found between the normal and short subjects, a subset of the short prepubertal boys with significantly delayed skeletal ages had subnormal sum of GH pulse areas and sum of GH pulse amplitudes. The adequacy of the hypothalamic-pituitary-GH axis in children has been traditionally assessed using pharmacologic or physiologic stimulation in conjunction with clinical evaluation (I). However, with the advent of repetitive and continuous blood sampling techniques, the evaluation of spontaneous GH release over an extended period of time became possible.
ABSTRACT. Overnight growth hormone (GH) concentrations obtained by frequent venous sampling of 20 healthy, short prepubertal boys were evaluated using the objective pulse detection algorithm, CLUSTER. The resulting pulsatile characteristics were compared with those of I l healthy prepubertal bop of normal stature and with those of nine prepubertal children with documented GH deficiency. Although no significant differences of pulsatile GH release were found between the normal and short subjects, a subset of the short prepubertal boys with significantly delayed skeletal ages had subnormal sum of GH pulse areas and sum of GH pulse amplitudes. The finding of a significant correlmtion in all subjects between growth velocity and the sum of GH pulse amplitudes is important, as the results are compatible with the hypothesis that alterations of amplitude-modulated GH relemse underlie the pathophysiology of suboptimal growth in some short prepubertal children. The adequacy of the hypothalamic-pituitary-GH axis in children has been traditionally assessed using pharmacologic or physiologic stimulation in conjunction with clinical evaluation (I). However, with the advent of repetitive and continuous blood sampling techniques, the evaluation of spontaneous GH release over an extended period of time became possible.
Some investigators have found differences in spontaneous circulating GH levels in some short children when compared with values obtained from children of normal stature (2-5).
However, these studies may have k e n biased by either a failure to properly control for stage of pubertal maturation (3-5) or the inability to precisely characterize the pulsatile pattern of GH release (2-5). Therefore, we investigated possible abnormalities of spontaneous GH release in healthy short prepubertal boys by using a closely matched group of healthy prepubertal boys of normal stature and using an objective, statistically-based pulse detection algorithm. A group of GHD children also was studied to provide a more comprehensive spectrum of possible GH pulse abnormalities in prepubertal children with normal and short stature.
MATERIAU AND METHODS
Forty prepubertal children participated in our study. None had been previously treated with growth-promoting agents. They were separated into the following three groups: normal stature, short stature, and GHD.
Group 1 consisted of 11 heaithy boys whose ht and wt were between the 5th and 95th percentiles for chronologic age. Skeletal maturities were within two SD for chronologic age.
Group 2 included 20 healthy boys whose ht were less than or equal to the 3rd percentile. Skeletal ages were either normal or delayed for chronologic age, and serum GH concentrations were >I0 pg/L after provocative testing. None had evidence of systemic illness, intrauterine growth retardation, dysmorphic features, or previous CNS irradiation.
Group 3 consisted of nine GHD children; four males, four females, and a phenotypic female with a 46 XY karyotype. All had ht Iess than the 3rd percentile for chronotogic age, and skeletal maturities were markedly delayed. Maximum GH concentrations after two provocative stimuli were 56.0 pg/L. Growth velocities were 54.6 cm/y. for the repetitive samplings were performed in duplicate using a GH-IRMA kit supplied by the Nichols Institute. All samples from an individual subject were measured in a single assay run.
All sampIes 50.5 pg/L were assigned the value of 0.5 pg/L when calculating the mean GH concentration. Serum testosterone concentrations were determined using a RIA kit obtained from Diagnostic Products Corporation, Los Angel&, CA. IGF-I concentrations were determined using a double antibody RIA kit (Nichols Institute). The pulsatile characteristics of GH concentrations were evaluated using the CLUSTER pulse detection algorithm (8) as previously described (9). This program enables one to detect and characterize the significant increases (pulses) that are followed by significant decreases within a given data set. To minimize the false positive rate of peak detection, a one-point by one-point cluster size and a I statistic of 2.32 to evaluate both significant increases and decreases within the data sets were used. Differences among group characteristics were evaluated using analysis of variance with Duncan's multiple range test. SpecificaIly, comparisons were made between four groups that consisted of the normal, GHD, short boys with significant delays of their skeletal maturities ( n = 7), and those short boys with normal skeletal ages (n = 13). Correlations were assessed by using univariate linear regression analysis. Data management and analysis were performed using the University of Virginia General Clinical Research Center CLINFO facility. Results were reported as mean + SEM. Statistical significance was accepted at p c 0.05.
RESULTS
The clinical characteristics of the three study groups, as well as those of a subset of seven short boys with significantly DBA (less than the 3rd percentiIe or greater than a two-y delay), are shown in Table I . Bone age delay was calculated as bone age minus chronologic age in years. Ht and GV, both of which are represented as SDS, were determined using normal values for North American children ( 10). Ht-SDS and GV-SDS determinations were based on chronologic and skeletal ages, respectively.
The groups did not differ in their mean chronologic or bone ages. The average bone age delay for the GHD group and the DBA subset differed significantly ( p < 0.05) from that of both the normal and short groups; values for the normal and short groups were indistinguishable. The ht-SDS for the short boys, the DBA subset, and GHD children were indistinguishable; however, the ht-SDS for these groups differed sigificantly ( p = 0.0001) from that of the normal group. The GV-SDS of the GHD children was significantly ( p < 0.01) less than that of all other groups. IGF-I concentrations differed ( p < 0.01) among the normal, short, and GHD groups. The mean IGF-I concentration of the DBA subset was indistinguishable from that of only the short group. Mean serum testosterone levels were undetectable (~0 . 8 7 nmol/L) in 1 1 normal, 13 short, and five GHD children whose serum was obtained for this purpose. The seven short boys with DBA could be distinguished from the other 13 short boys {without delayed skeletal maturation) based only on their actual bone age delay (-2.8 & 0.2 versus -0.4 * 0.2 y; p = 0.000 1).
The GH pulsatile characteristics for the three groups, as well as that of the subset of seven short boys with significantly DBA, are listed in Table 2 . As a group, the short boys had GH pulsatile characteristics that were indistinguishable from those of the normals, whereas those of the GHD group were significantly less than those of both other groups. However, the subset of short boys with significantly DBA had several GH pulsatile characteristics that were distinguishable from those of both normal and GHD groups. The sum of GH pulse areas and the sum of GH pulse amplitudes distinguished these seven short boys from the normal and GHD groups. The seven shon boys with DBA were distinguishable from the other 13 short boys (without DBA) based only on a lesser mean GH pulse amplitude (10.7 f 2.3 versus 16.8 & 1.7 pg/L, p = 0.04). Characteristic spontaneous GH secretory profiles for the study groups are shown in Figure   1 .
The GH pulsatile characteristics were also studied for the following subsets of short boys: those with a ht-SDS 5 -3.0 (n = I I) and those with a GV-SDS 5 -2.0 (n = 7). There were no significant differences between the pulsatile characteristics of these two subsets of short boys and those of the normal controls.
Using data obtained from the 20 short IMP, we found a significant correlation between bone age delay and the sum of GH pulse amplitudes ( r = 0.48, p = 0.03) as shown in Figure 2 . The correiation coeficient and p vdue were not changed appreciably when the value of 1 17 J L~/ L was omitted before regression analysis. No significant correlations between GV-SDS or ht-SDS and any of the GH pulse characteristics for the individual study groups were found. However, when analyzing data combined from all study groups, significant relationships were found between ht and the sum of GH peak areas (r = 0.46, p = 0.021, between ht-SDS and the sum of GH peak areas ( r = 0.38, p = 0.02), and between GV-SDS and the logarithm of the sum of GH pulse amplitudes ( r = 0.45, p < 0.01).
DISCUSSION
The observation by several investigators (11, 12) that the physioIogic pattern of GH release in chiIdren is represented as a continuum, rather than as a bimodal distribution, may provide an explanation for the difficulty encountered in attempting to distinguish spontaneous GH secretory patterns among groups of short children. Therefore, the GH secretory profiles of the group of short boys that we studied were not distinguishable from those of the normal controls. However, the pulsatile patterns of GH 
